Abstract It is challenging to collect accurate and complete data on sensitive issues such as sexual behaviors. Our objective was to explore experience and perceptions regarding the use of a locally programmed color-coded audio computer-assisted self interview (C-ACASI) system among men and women in a semi-rural setting in south India. We conducted a mixed-methods cross-sectional survey using semi-structured interviews among 89 truck drivers and 101 truck driver wives who had participated earlier in the C-ACASI survey across a predominantly rural district in Tamil Nadu. To assess the color-coded format used, descriptive quantitative analysis was coupled with thematic content analysis of qualitative data. Only 10 % of participants had ever used a computer before. Nearly 75 % did not report any problem in using C-ACASI. The length of the C-ACASI survey was acceptable to 98 % of participants. Overall, 87 % of wives and 73 % of truck drivers stated that C-ACASI was user-friendly and felt comfortable in responding to the sensitive questions. Nearly all (97 %) participants reported that using C-ACASI encouraged them to respond honestly compared to face-to-face personal interviews. Both the drivers and wives expressed that C-ACASI provided confidentiality, privacy, anonymity, and an easy mechanism for responding truthfully to potentially embarrassing questions about their personal sexual relationships. It is feasible and acceptable to use C-ACASI for collecting sensitive data from poorly computer-literate, non-English-speaking, predominantly rural populations of women and men. Our findings support the implementation of effective and culturally sensitive C-ACASI for data collection, albeit with additional validation.
Introduction
Data collection tools and techniques are some of the most essential elements for research. They attain greater significance in research concerning issues that are sensitive, stigmatizing or illegal, such as HIV/sexually transmitted infection (STI) history, sexual behavior, condom use, intimate partner relationships, drug use, sexuality, and race/ ethnicity [1] [2] [3] [4] . The information from such cases hinges upon the veracity and integrity of reporting by the study participants and the accuracy of their measurement [4, 5] . Behaviors are difficult to document, and are often based on self-reporting that is likely to suffer from recall and social desirability biases. The education level of the respon-dents and their level of understanding of the pattern of questionnaires pose further challenges to validity of data collection [1] .
The accuracy and completeness of collecting data on sensitive and personal issues, including sexual behaviors, may be enhanced by any mode that is culturally and procedurally acceptable to the participants and interviewers, easy to use, less time-consuming, ensures privacy and anonymity, minimizes errors in data collection/measurement/ entry/retrieval, and eliminates interviewer bias [1, 2, 4, 6, 7] . A technological advancement in this area is computer programming of questionnaires, which began in the late 1980s with the introduction of interviewer-administered computerassisted personal interviews [2, 8] . This led to computerassisted self-interviewing that further evolved into audio computer-assisted self-interviews (ACASI) [9] . A detailed review by Langhaug et al. provides evidence that computerassisted methods improve the quality of socially sensitive data [10] .
ACASI is increasingly being used as a data collection tool in research settings [11] [12] [13] [14] , and has been feasible and acceptable in numerous developing country settings [3, 7, 8, 10, [15] [16] [17] [18] [19] [20] [21] [22] [23] . Studies in the United States, Tanzania, and Malawi have shown that ACASI is preferred to interviewer-administered questionnaires for sensitive questions [2, 3, 7, [24] [25] [26] . However, studies among adolescents in South Africa and young adults in Peru showed no difference in preference between ACASI and interviewer-administered interviews [27, 28] . In developing countries, ACASI has been utilized to collect information on sexual behaviors, substance use, psychosocial status, HIV-attitudes, and adherence to antiretroviral treatment or other interventions among high-risk groups (sex workers, drug users) [23, 29, 30] , and the general population (adolescents, students, youth, and adults) [7, 8, 16, 18-22, 29, 31] . Four studies have utilized ACASI in urban settings in India, including sexual behaviors of adolescents in Delhi [21] , young unmarried men in Pune [18] , adults in Chennai slums [8] , and domestic violence, household decisionmaking, and spousal communication among young married women in Bangalore [32] . These studies have demonstrated that ACASI is feasible and acceptable among urban populations in India with high education levels. To date, no studies have been published evaluating the feasibility and acceptability of ACASI in a rural Indian setting with relatively low education levels and little exposure to computers. We conducted a color-coded ACASI (C-ACASI)-based survey on HIV/STI-related risk behaviors in a predominantly rural district in south India. Using a mixed-methods approach, we describe the experiences and perceptions of using color-coded ACASI, and discuss the implications of our findings for behavioral research in poorly educated populations in rural settings in India.
Methods
Study protocols and materials were approved by the UCLA IRB and the Ethics Committee of National Institute of Epidemiology, Indian Council of Medical Research, Chennai, India. Between June and October, 2010, we conducted a cross-sectional, household computer-based survey among 18-49-year-old wives of truck drivers and their husbands in the Namakkal district of Tamil Nadu, about 380 km southwest of Chennai. The district has a total population of 1,721,179, and is 63.5 % rural. The male and female literacy rates in Namakkal district are 83 % and 67 %, respectively, some of the lowest in the state [33] . Stratified cluster sampling was used to attain a randomly selected sample from a list of married truck drivers and wives, which was obtained from the local truckers' associations and NGOs. Eligible couples were residents of Namakkal for at least 6 months and had no known cognitive disabilities.
Design of the C-ACASI
We first designed a paper-and-pencil interviewer-administered (PAPI) structured questionnaire that was first written in English and then translated into Tamil, the local language of the study participants. We pilot tested the Tamil version of the PAPI questionnaire and revised the language and structure, as needed. The C-ACASI was made up of sensitive items of the PAPI questionnaire related to HIV/ STI-related risk behaviors, such as numbers and types of sexual partners, sexual practices with spouse and other partners, sexual relationship power of wives, attitudes toward gender norms in the marital relationship, and HIV/ AIDS-related knowledge, attitudes and risk perceptions, as well as a practice module with 11 items to orient the participants to the structure and function of the C-ACASI. Questions were uploaded to the dashboards in the same sequence in which they were intended to be answered by the participants as per the logical flow and skip patterns. The dashboards and flow diagrams (Fig. 1) were critical in programming the logical sequence of questions in the C-ACASI, considering the length and complexity of the questionnaires that included sub-questions, multiple responses, and skip sequences.
The C-ACASI survey was programmed in Microsoft Visual Studio 6.0, using Microsoft Visual Basic 6.0 language. The questions and associated codes, as well as the responses keyed in by the participants, were stored in different tables in the database. The database foundation was provided by Microsoft Access 2003 and 2007 linked to the user interface on each of the laptop computers used for the survey. We digitally audio-recorded the text of the question, including the valid responses and instructions to the participant in Tamil language pronounced by the same gender for the truck driver and wife questionnaires to maintain consistency throughout the interview. Response categories (e.g. yes/no) were linked to a unique color that was also displayed on a specific alphabet/symbol button on the keyboard, using colored stickers in order to simplify the process of responding to questions and to accommodate participants' inability to read and/or type (Fig. 2) . The number keys were used exclusively for entering numeric responses such as age, date, number of partners, etc.
The screen in the C-ACASI displayed the question ID and the color-coded valid response bars (for categorical responses) or a blank box (for numeric responses). Neither the question nor the response texts were displayed on the screen to further ensure privacy and confidentiality for the participants. In addition, the right side of the screen displayed the participant ID number, current date and time, and ''NEXT'' and ''PREVIOUS'' arrow buttons to navigate to the next or previous questions. Each question had a prerecorded digital sound file with the text, valid responses, 
C-ACASI Survey
Interviewers were hired locally who spoke the local language, Tamil, and had low to medium exposure to computers. They underwent two-day training on handling the laptops and using C-ACASI software, as well as training for troubleshooting and having mock-interviews The interviewers approached all the participants at their households to explain the purpose and procedure for the study and asked if they were willing to participate. They obtained informed consent and administered the interviews in the participants' homes' if adequate privacy could be maintained. If not, the interviewer either returned at another time convenient to the participant or the participant was invited to a suitable place nearby.
A trained interviewer of the same gender as the participant first conducted a face-to-face computer-assisted interview for the general questions. Participants were then instructed on the use of the laptop computer and completed the C-ACASI practice module, after which they could themselves enter the data into the system unassisted. The interviewers were available to clarify any questions and, if needed, to assist in using C-ACASI.
Semi-structured Interviews 4 months after the C-ACASI survey, we conducted semistructured interviews (SSIs) over a period of 1 month among the truck drivers and wives who had participated in the C-ACASI survey, and had returned to collect their HIV test results. The same interviewers who administered the C-ACASI survey also conducted the SSIs in private rooms at the study clinic, using a SSI guide with probes to collect data on experience with and perceptions about the C-ACASI system in terms of its user-friendliness, comfort, perceived confidentiality, and the participants' honesty in answering the sensitive questions. The interviewers made verbatim notes (in Tamil) of the responses without any personal identifiers. The interviewers did not know how the participants had answered questions in the C-ACASI survey.
Data Analysis
Socio-demographic characteristics of participants completing the C-ACASI and the SSIs were compared, using Chi square test for proportions and t test for means. The notes from the SSIs were translated from Tamil to English, and were cross-checked by another person for quality assurance, using the ''forward-backward'' translation procedure. Based on the SSI guide, we developed the first set of codes (TB). The SSI transcripts were then reviewed and analyzed by TB and PSS, and emergent themes were identified and discussed. Frequency of responses from the SSIs was summarized using proportions. Analysis of the C-ACASI survey data will be published in a forthcoming manuscript.
Results
In total, 486 wives and 473 truck drivers completed the C-ACASI survey, which was an overall response rate of 95 %. SSIs were conducted among 101 (21 %) wives and 89 (19 %) truck drivers whose average age was 30 years (range 20-47 years) and 35 years (range 25-48 years), respectively. Among those who participated in the C-ACASI survey, 305 (63 %) wives and 275 (58 %) truck drivers were either illiterate or only had primary level (upto 5 years) education. SSI and C-ACASI survey participants did not differ significantly in age (wives), education level, source of income, HIV status, and time needed to complete the C-ACASI survey (Table 1) . 98 % (186/190) of participants stated that the length of the survey was acceptable.
Lack of Computer Experience Was Not a Major Obstacle
Only 9.7 % (9/93) of wives and 10.6 % (9/85) of truck drivers had ever used a computer prior to completing the C-ACASI survey. This could have been a major obstacle against their ability to navigate through the C-ACASI, but 75.8 % (72/95) of wives and 77.1 % (64/83) of truck drivers did not encounter any problems using C-ACASI ( Table 2) . Answering questions using a computer and headphones was a unique experience for all of the participants. Many expressed a feeling of anxiety and apprehensiveness in the beginning, but they were eventually able to navigate through the system with ease (Table 3 ). Most participants pressed the ''repeat button'' with the ''headphone picture'' if they were not able to understand a question when hearing it for the first time. A few also asked interviewers for clarification. For 17.4 % (16/92) of wives and 20.5 % (17/83) of truck drivers, using C-ACASI was devoid of any inter-personal interactions they would have liked (Table 2) . They stated that in the absence of an interviewer, they experienced difficulty in understanding some of the questions or the language (Table 3) .
C-ACASI was User-friendly Overall, 87.2 % (2/94) of wives and 72.6 % (61/84) of truck drivers felt that C-ACASI was user-friendly (Table 2 ). Both truck drivers and their wives reported feeling comfortable in responding to the questions through C-ACASI because of the mechanism and structure of the system. The participants said that ''using the keyboard was easy'', as they ''only press the colored buttons'' to answer the questions (Table 3) .
C-ACASI Improved Confidentiality for Answering Sensitive Questions
Most participants felt that C-ACASI was very suitable for responding to sensitive questions, especially about sexual behaviors, and spared them embarrassment with another person, as it provided greater confidentiality and privacy than face-to-face interviewing (Table 3) . Among the wives, 91.8 % (89/97), and among the truck drivers, 90.6 % (77/85), felt that by using C-ACASI, their responses would not be known to others, including the interviewers (Table 2) .
Only a few participants doubted the confidentiality of their responses, and stated: ''It will be known to people nearby'' [T56, 32 years old]; ''I think while pressing buttons the persons behind us may have seen the answers'' [W66, 24 years old].
ACASI Elicited More Truthful Responses
Most participants (97 % of wives, 98.9 % of truck drivers) felt that using the C-ACASI made them more willing to respond to sensitive questions truthfully (Tables 2 and 3 ). The truck drivers indicated that if those questions had been asked by an interviewer, they would have responded differently. According to the wives, the veracity of their responses would be dubious if they had been asked by an interviewer. However, some participants stated that the mode of interview would not have affected their responses (Table 3) . Table 1 Characteristics of wives and truck drivers completing C-ACASI and semistructured interviews (SSI) in Namakkal district, Tamil Nadu, India, 2010
Characteristics
Wives Truck drivers
Age (mean ± SD) years 30. 
Discussion
We designed and locally programmed a color-coded computer-assisted interview system for data collection for a study on HIV/STI-related risk behaviors among a mostly rural population of truck drivers and their wives in south India. The C-ACASI system functioned without many problems on laptop computers carried house-to-house for data collection. The study population was naïve to participation in a research study, as well as to the use of computers. Using C-ACASI was a unique experience for them, and was well accepted, but with initial apprehension. Similar to other studies in other developing countries and the United States [3, 10, 15, 19, 24, 34] , we found that C-ACASI was acceptable, easy to use, and more likely to elicit truthful reporting of sensitive information by both the truck drivers and their wives. More than 90 % of the participants in our study believed that their responses on C-ACASI would be confidential. Most participants indicated they would respond truthfully to sensitive questions with a computer rather than a face-to-face interview. Other studies have shown that ACASI is preferred over interviewer-administered questionnaires for sensitive questions [2, 3, 7, [24] [25] [26] . Compared to face-to-face interviews, increased reporting of sexual behaviors has been possible with ACASI studies among women in Brazil and Zimbabwe [12, 31] , urban men in India [21] , and female adolescents in Malawi [7] . Our study indicates that it is feasible to use ACASI among individuals with low education levels in India. This was made possible by the use of headphones to hear the audio-recorded questions, menu of responses and provide instructions such that the participants did not need to read from the computer screen. Even if a question was not understood initially, the participants could push a button to hear it again. Participants of the National Household Survey on Drug Abuse with poor reading skills also reported the benefit of using audio to understand the questions [35] . Further, the study interviewers were available to clarify any issues, if required. We believe that the feasibility and acceptability of C-ACASI was enhanced by the color-coded responses to each question visible on the screen that could be chosen by the participant, using the colored keys on the computer. Evidence from studies among young men in Indian slums, and rural youth in Malawi and Kenya also suggest that ACASI performs well in populations with low literacy [7, 16, 18] .
Almost all of the participants felt that C-ACASI provided a private environment to answer the sensitive questions truthfully, which is consistent with studies that show that ACASI may minimize social desirability bias, leading to more accurate data [3, 15] . An exploratory qualitative analysis of perceptions of ACASI among HIV-positive women in American cities concluded that ACASI ensured privacy, leading to more truthful responses and minimized socially desirable responses [36] . Using headphones also helped to create a ''private space'' for the participants to respond to the questions without being concerned about being judged by the interviewer. Other researchers have suggested that ACASI may be helpful in providing an impersonal and anonymous interaction for the participants to be less influenced by the interviewer [37] . In our study, only 10 % of the truck drivers and the wives had ever used a computer. According to a review of questionnaire delivery modes in developing countries, people from countries where the use of computers is less common expressed a higher sense of trust and privacy when using ACASI [10] . In our study, we found several missing responses for questions related to extra-marital partners, anal intercourse, and men having sex with other men (data not shown). A study by the National Institute of Mental Health Group also reported that married respondents in slums of Chennai gave unreliable responses on sexual activity, despite exhibiting a high comfort level with ACASI [8] . Studies in India among populations with low literacy levels and little exposure to computers, such as unmarried adolescent girls in Delhi slums and unmarried men from slums in Pune did not report higher levels of sexual behaviors on ACASI compared to other modes of interview [18, 21] . In some populations in India, there may be cultural barriers when discussing such sensitive and stigmatizing issues, even in private. Unfamiliarity with certain terms for sexual activities or misinterpretation of questions could also lead to poorer responses to such questions, regardless of the mode of data collection. To minimize such discrepancies, we modified the language and tone of the questions in the survey, based on the pilot study. Additionally, the participants may have been too embarrassed to approach the interviewers to ask for clarification of terms about sexual behavior. Further, sexual behaviors such as anal intercourse with women or men, although previously reported in rural India, may not be very common and are more stigmatizing [38, 39] .
We experienced several logistical advantages using C-ACASI for data collection. We required fewer interviewers, and could do more interviews in a single day, as they were conducted in the participants' homes or nearby. We used four laptops, two each for the truck drivers and the wives. There were data entry advantages, such as improved quality and less time and personnel required for data entry and cleaning. Other studies also report minimal data entry errors with ACASI [27, 28] . Data were stored digitally, thus saving paper and storage issues, and helping to ensure data safety and confidentiality. The overall study cost was also reduced, in spite of the cost of software and equipment. Other logistical issues, including hardware and software function, security of equipment and data, and data collection protocols, are pertinent to using ACASI in the field. There were instances of power outage and power cord breakdowns in the field site that Table 3 Thematic quotations on using C-ACASI by truck drivers and wives participating in semi-structured interviews, Namakkal district, Tamil Nadu, India 2010 • ''Definitely it will be a different answer…I (would) feel embarrassed to speak regarding sexual relationship with unknown person'' [W35, 27 years old] resulted in loss of some data during the initial days of field work. A secure power source at the study site and an extra battery pack and power cords should be ensured [24] . Some participants in our study had unusually fast completion times on C-ACASI. This implies that either they did not complete the questionnaire or did not give due attention to the task. Our C-ACASI allowed the participants to refuse responses to any question. It is suggested that ACASI systems should be designed in a way that the user is not able to move to the next question without answering the current question [9] . Although, this ensures less ''missing data'', it could potentially drive the participant to give untruthful answers. An alternative is to provide the option of ''REFUSE/PREFER NOT TO ANSWER'' if users wished to proceed further [9] . This makes it possible to account for the missing data that would have emerged in the absence of such an option. However, there is a risk of overuse/misuse of this option, more so for sensitive questions, so monitoring of the participants and data may be needed. If there is a skip attached to any of the responses, it potentially leads to loss of information for the skipped questions [8] . We did not program this option into our system. Data quality checks are usually directly programmed into the ACASI system [5, 8, 9] . We did not incorporate any consistency checks or response constraints in the software program. Consequently, we found a few inconsistencies between questions, so we could not use some of the data. There was some loss of data, as a few USB flash drives used for daily backup of data were corrupted. Such technical problems could be avoided by a mechanism of online collection of data into a centralized ACASI or transfer of data to centralized database through laptops equipped with internet access [9] .
Our semi-structured interviews were not conducted among a random sample of participants who took the C-ACASI survey, which may affect the generalizability of our findings. However, characteristics of the participants were similar on post hoc comparison. This is the first study to report design, implementation, and perceptions of C-ACASI in a semi-rural area of India. Both the truck drivers and their wives found C-ACASI easy to use, and were comfortable reporting sensitive information more truthfully. Thus, there was potentially less misreporting and minimal refusal for participation in the survey. C-ACASI is a feasible and acceptable method for collecting sensitive data in poorly educated, low computer-literacy, rural settings among nonEnglish-speaking populations of women and men.
